RIBER takes up the MBE challenge  by unknown
Company Profile 
RlBER takes up the MBE 
challenge 
I RIBER SA is one of the largest manufactures of molecular beam epitaxy (MBE) systems, and has some 30 years experience in the ultrahigh vacuum (UHV) field. Investment from new ownerships together with an expanding product range will give RIBER an increasingly strong position in the global market. 
I n June 1997, a pool of in- vestors and RIBER employees became the new owners of the 
company, which no longer belongs 
to Instruments SA. 
“This new capitalization will al- 
low the expansion of the company 
as a global supplier and partner for 
molecular beam epitaxy (MBE) sys- 
tems and related accessories” says 
Michel Pica&, the new President 
at RIBER. 
The,marketing strategy is refo 
cused on three main product lines 
to provide the market with MBE 
products and service for each 
application. 
Production of III-V semiconduc- 
tom: Multid” systems are being in- 
troduced for delivery in 1998, to 
complement the already field- 
proven, fully automated MBE 49 
4 x 4” system.The MBE 49 enables 
the reliable and reproducible man- 
ufacture of extremely uniform lay- 
ers (accuracy ~1%). Throughput 
with the MBE 49 is of the order of 
10 000 wafers per year. The new 
multi-6” system will reduce the 
cost of epiwafers by further in- 
creasing the throughput, allowing 
access to an increasingly wide 
range of applications. 
New application reseat& systems: 
RIBER has already the largest ex- 
pertise and range of systems dedi- 
cated for each application, such as 
AlGaAs, InGaP, CMT, Z&e, SiGe, SiG 
and GaN. However, an MBE system 
dedicated to nitride deposition 
will be commissioned at the end of 
1997. This reactor has been devel- 
oped within the framework of a 
collaborative European research 
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contract, involving several part- 
ners, from Germany, the UK and 
France.Advances in the growth of 
GaN for lasers is expected with 
this system. 
A version of this system de- 
signed for research on other appli- 
cations will also be available. It will 
meet the present technological 
and budget requirements of reseamh 
scientists throughout the world. 
Accessories fix- MBE: The produc- 
tion of new materials and the need 
for closer control of deposition re- 
quire the development of specific 
accessories. In particular, there is a 
continual need for specially adapt- 
ed sources for source materials. 
Valved cells are available for the 
evaporation of certain materials 
such as As, P S, Se and Mg, and oth- 
er material sources have been de- 
veloped. Use of gases such as AsH3 
and PH,; organometallic com- 
pounds of group V and III ele- 
ments; and dopant gases like CBr,, 
Figure 7. Today’s high throughput demands are met by a 4 x 4 ” fully automated MBE system pro- 
ducing epilayers in continuous, 24-hour, operation. (Photograph: courtesy of PROCOMP) 
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SiBr, or ammonia (NHs) are of- 
fered. They include gas injection 
and flowrate control systems of 
high precision, thanks to RIBER’s 
years of experience in this field. 
All these products are being 
constantly improved to meet ever 
more demanding performance re- 
quirements to help end users in 
meeting their goal. 
MBE systems for 
large-scale epilayer 
production 
Large-scale multiwafer systems 
(Figure 1) are in operation for the 
production of III-V compounds 
(GaAs, InP).They are used by lead- 
ing merchant suppliers around the 
world to produce unrivalled qual- 
ity epilayers and for in-house pro- 
duction of electronic and photonic 
devices. 
RIBER systems offer decisive ad- 
vantages, leading to higher yields 
and lower process costs. 
Umivalled m productivity The 
duration of growth campaigns has 
a direct impact on the overall 
process efficiency. The perfor- 
mances of RIBER machines remain 
constant, even over long produc- 
tion campaigns. When the system 
is vented for recharging sources 
and regular maintenance, the time 
to restart production varies from 
two days (e.g. if a cell has been 
recharged rapidly) to several days. 
The excellent reliability of RIBER 
production systems enables the 
use of very large capacity sources, 
doubling or tripling the duration of 
a campaign, depending on the 
number of cells, compared with 
systems from other manufacturers 
which use low capacity sources. 
Moreover, the design of RIBER’s 
highly efficient bakeout system ac- 
celerates the restart procedure. A 
typical growth campaign can last 
up to four or six months depend- 
ing on the sources used. 
Greater system reproducibility The 
reactor geometry and the use of 
high capacity sources guarantee 
the stability of process parameters. 
The need for calibration is much 
less than that required in compet- 
ing systems, with variations of 
source temperatures during a cam- 
paign being much lower. Limited 
calibration, combined with ex- 
tremely precise deposits, is suffi- 
cient to maintain the process 
characteristics within a range of 1%. 
Beat device efBciency All uniformi- 
ties (thickness, composition, 
dopant concentration) are un- 
equalled by any other system, all 
being better than l%, both within a 
wafer and wafer-to-wafer.This leads 
to higher device efficiency and 
greater stability of device perfor- 
mance from wafer to wafer and 
batch to batch. 
Defect ‘free’ epilayer surface 
Owing to the simple and careful 
design of the RIBER growth cham- 
bers, its accessories, and the use of 
high capacity sources with full 
process automation, the densities 
of surface defects obtained by 
users are both extremely low 
(cl0 cm-‘) and highly repro 
ducible.This leads to higher yields 
for the production of integrated 
circuits (see Figure 2). 
RIBER introduced’ the first fully 
automated system many years ago. 
Even today, no other system offers 
such a complete and reliable au- 
tomation. Automation of all trans- 
fer operations and of the deposi- 
tion process itself enables the 
machine to be used continuously, 
leading to increased efficiency, de- 
creased costs and minimum risk of 
operator errors. RIBER systems can 
be run overnight without the pres- 
ence of an operator. 
The systems of the 49 series all 
have the same configuration and 
use mainly the same components. 
Each system comprises an intro- 
duction chamber able to take 15 
platens, a heat treatment chamber, 
a transfer shuttle and a growth 
chamber. Only the growth cham- 
ber and its associated equipment 
vary from one system to another. 
The transfer operations are per- 
formed using stepper motors and 
position detection devices mount- 
ed external to the UHV system.The 
positions of all transfers are deter- 
mined using optical fibres located 
outside of the vacuum system. 
These systems have been in exis- 
tence since 1990 and have proved 
to be highly reliable, and mainte- 
nance operations have been ex- 
tremely rare. Once the platens are 
positioned in the introduction 
chamber, all operations (pumping, 
transfers, degassing, growths) are 
performed automatically. The posi- 
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Figure 2. Surface defects mapping. (Photograph: courtesy of PROCOMI?) 
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igure 3. The MBE Compact 27. 
tions of the transfer systems, the 
pressures, the status of the transfer 
valves, the growth manipulator and 
all safety devices, together with all 
the growth pammeters, am displayed 
permanently for ease of operator use. 
MBE 49 - 5 x 3”: This 5 x 3” capac- 
ity system comprises up to eight 
high capacity cells. It enables the 
production of laser structures as 
well as microwave devices. 
MBE 49 - 4 x 4”: The 4 x 4” capac- 
ity system comprises up to ten 
high capacity cellsThe larger num- 
ber of cells gives it a greater auton- 
omy, the yield being 30% higher 
than for the 3 x 4” MBE 49 and 
other similar systems. It enables 
the production of up to 12 000 4” 
wafers for typical pHEMT (pseudo- 
morphic high electron mobility 
transistor) structum. 
6000 series: The MBE 6000 is a 
multid” reactor which also en- 
ables an increased productivity of 
4” wafers. The growth chamber is 
based on the MBE 49 model, 
whose excellent results are well es- 
tablished. The MBE 6000 design 
has been facilitated by RIBER’s 
long experience with high capaci- 
ty cells, and full automation. 
Automated transfer mechanisms 
are nearly identical to that used for 
the MBE 49 and all components 
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are incremental steps compared 
with previous models. The overall 
outline is marginally longer than 
the MBE 49’s. The system is 
equipped with high capacity 
group III sources (over 1500 cm3) 
and large valved cells for group V 
materialsThis system will be avail- 
able in 1998. 
The MBE Compact 21 
for GaN epitaxy 
RIBER, as a leading MBE supplier, 
has developed a specific MBE sys- 
tem - the Compact 21 - for GaN 
epitaxy within the frame of 
a European Community project 
(B&e-Euram ref. BE 3384), in col- 
laboration with several partners in- 
volved in GaN epitaxy. Direct 
partners include the University of 
Nottingham (Prof. C.T. Foxon) in 
the UK, STAIB Instrumente (Dr. l? 
Staib) in Germany, THOMSON-CSF 
(Dr J.C. Garcia) in France, and the 
French CNRS Laboratory CRHEA 
(Dr J. Massies). 
A high nitrogen flux will be de- 
livered by a catalytic thermal 
cracker for nitrogen precursors or 
a high performance ECR (electron 
cyclotron resonance) source, both 
developed within the European 
Contract. 
Specific capabilities for GaN 
epitaxy have been integrated in 
this reactor : 
Nitrogen flux enhancement by 
a short source-to-substrate dis- 
tance and a perpendicular ni- 
trogen flw species onto the 
substrate; 
Up to seven sources for growth 
of various semiconductor com- 
pounds; 
Design compatible with plasma 
sources, ECR sources and gas in- 
jectors; 
Generation of useful nitrogen 
species by a specific optimized 
thermal cracker; 
Generation of a useful species- 
specific optimized ECR source; 
High temperature manipulator 
oven, protected to avoid nitrida- 
tion; 
Excess nitrogen pumped with a 
high pumping speed at the sub 
strate level for optical measure- 
ments, ports for RHEED, 
ellipsometry, pyrometry, etc. 
The MBE Compact 21 system 
integrates an easy-to-use loading 
and buffer configuration, with stor- 
age and outgassing capability. The 
system has a very compact design, 
allowing immediate commissioning. 
Valved cracker 
performances improved 
The VAC valved cracker cell series 
(Figure 4) is continually improved, 
Figure 4. RIBERs VAC 500. 
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tained using the standard cell 
(around 120 000 cm2.V1s1 at 77 K 
in this system). Cracking generates 
n-type material with mobilities 
around 90 000 cm*.V-‘s-l . 
Models with higher capacities 
have been developed for multi- 
wafer systems. 
KPC phosphorus 
valved cracker cells 
Time (mnl 
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and wider applications are developed 
for research and production MBE 
systems. 
As, S, Se, and Mg may be evapo- 
rated from the VAC series. The 
cracker section, thermally indepen- 
dent from the valve area, can be 
held at cracking temperatures (for 
polyatomic species), or at tempera- 
tures just high enough to avoid ma- 
terial condensation, then being 
used as high capacity cells. 
These valved cells provide a 
very stable flux, which can be 
quickly and precisely adjusted 
with a very good repeatability (see 
Figure 5). 
Multi-zone phosphorus cracker 
cells were introduced three years 
ago, based upon a patented 
process to first generate white 
phosphorus from a red phospho- 
rus source, and then use the high 
vapour pressure of white phospho- 
rus to produce a phosphorus flux 
that is easier to control and stabilize. 
325”C, which corresponds to a 
5 x lo5 torr when the valve is 
Researchers previously used 
rather primitive arsenic valved 
open. 
The flux can be precisely ad- 
cracker cells with red phosphorus 
justed over two decades. It can also 
charges, which resulted in a huge 
be changed by quick steps with an 
phosphorus burst at the opening 
excellent reproducibility (better 
of the valve and severe flux 
than 1%). The cell also provides a 
instabilities. 
very good long-term stability (see The KPC 250 cell enables rapid 
Figure 6). and precise adjustment of the P, 
The VAC 500 arsenic cell has flux, with a reproducibility of cl%, 
been compared to a non-cracker without the slightest pressure 
arsenic cell in RIBER Application overshoot on opening. It is used 
Laboratory’s MBE 32 system. When for growing InP layers, ternaries 
used as a large capacity source (no like GaInP and quaternary com- 
cracking), mobilities of Sidoped pounds like GaInAsP containing 
GaAs are identical to the one ob- both arsenic and phosphorus. 
The valve is located at the out- 
let of the material source reservoir, 
far from the cracker section, and is 
held at relatively low temperature 
(400°C). The cracker section and 
the valve area are thermally inde- 
pendent, eliminating the influence 
of cracker temperature cycles on 
the valve conductance.This feature 
provides a quick flux stabilization 
after morning starts and a very sta- 
ble and repeatable flux during use. 
The design of the valve leads to 
a very high dynamic range be- 
tween the open and close posi- 
tions (more than five decades). On 
a new chamber of our MBE 32 sys 
tern, the chamber pressure is 
5 x 10-r ’ torr with the valve closed 
and the arsenic charge at held at 
I 
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Figure 6. Arsenic flux is very quickly stabilized using the VAC 500, and then remains stable 
within 7%. 
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This modular cell comprises 
four independent parts, namely the 
evaporator, the condenser, the con- 
trol valve and the cracker stage. 
The evaporator’s red phospho- 
rus deposits as white phosphorus 
in the condenser section.The high 
vapour pressure of white phospho- 
rus provides sufficiently high beam 
fluxes at condenser temperatures 
close to ambient temperature. A 
heating and tempemture control 
system enables the condenser tem- 
perature to be maintained stable to 
O.l”C. 
The high conductance all-metal 
valve controls the passage of 
vapour from the evaporator to the 
cracker. It is maintained at a tem- 
perature slightly above that of the 
condenser, which is low, enabling 
the use of an effectively leak-tight 
valve.When the valve is closed, the 
cell can be reloaded without 
breaking the vacuum in the 
system. 
The cracker stage has a high 
cracking efficiency, while operated 
at 850°C. Because no untracked 
phosphorus reaches the growth 
chamber, the pressure in the cham- 
ber drops rapidly as soon as the 
valve is closedAn ion pump is gen- 
erally sufficient, even during re- 
heating of the cryogenic panels. 
High phosphorus flux for the 
growth of quaternary compounds 
is produced by an improvement of 
the cracker section. The cracker 
has been designed with a higher 
conductance while keeping the 
same efticiency. This version can 
be mounted on MBE systems having 
a long source-to-substrate distance. 
The cracker section is made of 
refractory metals to avoid any risk 
of oxygen contamination; further- 
more, all alumina parts have been 
eliminated. 
To better serve its customers, 
RIBER will open its web site at 
www.riber.com in a few weeks (at 
the time of going to press). This 
site provides company data, prod- 
uct specifications and illustrations, 
and allows more efficient commu- 
nication with RIBER and its. sales 
representatives. It will provide di- 
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rect staff e-mail links, and a feed- ContaLz: R&%5x 
back loop for MBE users. A section 133/137,Blvd National-BP 231, 
will contain application data and 92503 Rueil Ckdex, France. 
news from the MBE field.This ser- Te1:+33(0)1-47-08-92-50; 
vice will speed up the distribution Fax: +33(O) l-47-06-32-39; 
of information, and result in an over- URL: www.riber.com 
all quicker response to user’s needs. 
